



OBJECTIVE / APPROACH 


Objective: 

Define a Near-'lcrm Solid-Core N I P Engine System Scaling Database 
— Identify/ Document Unified Set of Performance, Weight and Size Scaling Data 
— Results Should Be Useful to Meet Initial Mission and Concept Design Study 
Requirements 

Approach: 

Acquire/Review Past Rovcr/NERVA Engine Design Work 
Assess Current Engine System Data 

Conduct Preliminary N IT Engine System Design Irades Using the NESS 
Design Program 

— Establish Operating Range oflntcrest and Technology Design Approach 
— Design Analysis Responsibilities 

• SA1C - Engine System 

• Westinghouse - Reactor and Internal Shield (ENABLER Reactor) 
Establish a Catalog of Enabler I and II Engine System Design for a Range 
Configurations and Operating Conditions 
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ENABLER I AND II ENGINE SYSTEM DESIGN 
DATABASE DEVELOPMENT CLOSELY 
PARALELLED NESS PROGRAM DEVELOPMENT 
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OVERALL NTP ENGINE SYSTEM ASSESSMENT APPROACH 
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OVERALL NTP ENGINE SYSTEM ASSESSMENT APPROACH 


ES TABLISH ENGINE DESIGN 

- Cycle ‘Type 

- Redundancy Issue 
Technologies and Component 
Design Appraodics to Be Employed 


UPGRADE, CORRELATE NESS 
CYCLE ANALYSIS CODE 
- Use Representative Rocket dyne 
75,OOOIbf Thrast Engine Case 
for Comparison 


WESTINCHOUSE 
REACTORANt) 
INTERNAL SHI FID 
DESIGN MODULE 






PRELIMINARY 
ENGINE SYSTEM 
DESIGN ANALYSIS 


ESTABLISH 
NTP WEIGHT* 
PERFORMANCE 
DATA BASE 


IDEN TIFY DESIGN LX )N FIGURA TION 
OPERATING RANGES OF INTEREST 
* Thrust 

- Reactor Type 

- Chamber Pressure fc 'Temperature 

- Aiea Ratio 



Stlonco AppUatltnt 
I Morn 9 Motif l Corporations: 

A» fm,l, t ,4 0**,4 Cm, t«. 


KEY TECHNICAL DOCUMENTS REVIEWED 

XE-Prime Engine - Final Report 
Small Nticlear Rngitic Final Report 

Experience Gained From the Space Nuclear 
Rocket Program (ROVER) 

History Summary Report 

Safe, Compact, Nuclear Propulsion Final Report 

NERVA Preliminary Design Safety Report 

Nuclear Rocket Engine Optimisation Program 

NASA Lewis Nuclear Thermal Propulsion Workshop, 1990 

“Design of Sccond-Gcncraiion Nuclear Thermal 
Rocket Engines," A1AA Report 


On-Going NASA Lewis NTP System Studies 




I # * Scltnco ApplIaUont Ij 

#— - intornstlonfl CorporaUonmmsJl 


NP-TIM-92 


369 


NTP: System Concepts 




ENABLER REACTOR DESIGN AND OPERATING 
PARAMETERS EXAMINED 


Full FJemcnt/Chamhcr Temperature Range 


- Graphite: 2,200 - 2,500K 

- Composite: 2,500 - 2.900K 

- Carbide: 2,900 - 3.300K 

• Thrust bevel: 1 5,000-250,000 Ibf 

• Chamber Pressure: 500 and 1000 psia 
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ENABLER (NERVA TYPE) NUCLEAR THERMAL 
ROCKET ENGINE 
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REACTOR l’ARAMETERS/CHARACl ERISTICS 
AS A FUNGI ION OF THRUST LEVEL 


Thrusl (1000 Ibl) 

15 

25 

>50 

neaclor Power Range (MW) 

275 - 400 

460 - 670 

920 • 6700 

Fuel and Support Element Length 
(rn (inch)| 

0.89 (35) 

0.89 (35) 

1.32(52) 

Pressure Vessel Length |M(lnch)] 

2.10(82.6) 

2.13(84) 

2.58(101.6) 

Fuel Element Power (MW) 

0.629 

0.808 

1.20 

Relative Fuel Element Power 
Density 

0.778 

1.0 

1.0 

Ratio ol Fuel Elements (N) to 

2:1 

3:1 

6:1 

Support Elements 

Pressure Vessel Material 

Aluminum 

Aluminum 

Aluminum 

Reflector Material 

Beryllium 

Beryllium 

Beryllium 

Internal Shield Material 

BATHTLead 

BATH/Lead 

BATH/Lead 


* BATH - Borated Aluminum Titanium Hydride 


l 


t J fifUfff off/ (fef port tl _ y l 


( RADIATION LEAKAGE LIMITS CRITERIA ASSUMED 

- AT A PLANE 160 CM (63 INCHES) FORWARD OF THE CORE CENTER - 


Type ol Radiation 

Radiation Leakage Limits Within 
Pressure Vessel Outside Radius 

Gamma Carbon KERMA Rale 

1.8 x 10? rad (c)/hr 

Fast Neutron Flux 

2.0 x 10l2n/cm 2 - sec, E n > 1.0 MeV 

Intermediate Neutron Flux 

3.0 x 10 12 n/cm 2 -sec, 
0.4 eVsE n Sl.O MeV 

Thermal Neutron Flux 

6.0 X loii n/cm 2 * sec, E n < 0.4 ev 
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ENGINE SYSTEM ANALYSIS APPROACH/ASSUMPTIONS 


L 


Use SAIC NKSS Cycle Analysis ( 'ode 
Checks Ad just Code to a Reason blr 'lest Case 

— Rockctdyne ENABLER I and ENABLER II 
75,000 Ibf, 1000 psia Engine System Design Selected 

- Model Engine as an Expander Cycle 

- Incorporate near-Tenn Siatc-of-lhc-Art Technologies 

- Incorporate Dual Turbopump Eccd system 

— Single Propellant turbopump With Dual Valving 
per Peed Leg - 80% I bruit l^vel Capability pet leg 

— Centrifugal Turbopump* Used 

— Boost Pumps Assumed Only for die ENABLER II 
Engine Sysicin 

- Use Wcstinghotisc ENABLER Reactor System 
Design Model 

-- Includes an Internal Shield Model 

- Examine Nozzle Ratios of 200 and 500:1 


VALVE 

CHECK VALVE 
REUULAtOH 
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EXPANDER CYCLE 
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KEY NTP ENGINE DESIGN AND TECHNOLOGY FEATURES 


DMlgn/Tichnoloay Feature(s) 

Comment(s) 

Gintool Engine Mount 

Based on Ihe Space Shuttle Main 
Engine (SSME) Design Approach 

Turbopump Ae terribly 

- Dual Feed System Legs wtth Dual VaMng 

- 80% Pmrxring CapatfMy per Feed Leg 

- Centrifugal Turbopump* 

- Pump Material Income! 

- Turbine Material: MAR M 248 

• Based on NERVA Design Approach 
(Redundancy Considerations) 
Based on the SSMF 

Sold Core NERVA Type Reactor Oeslgn 
Internal Shield 

- Uses Slate -oMbe Art Reactor System Fuels/ 
ledwtotoglss/Maieilols (Wosllnglrouse 
ENAOi.ER Design) 

- Basod on NERVA Design Approach 
and Requirements 

Nozzle AssernMy 

• 1 19% 1 iQti Area Palo RAO Colour 

- 200 and 500 1 

• Three Soctlon Assombly 

- T two at Region 

• 2:1 Upefceam lo 6:1 Downstream 

• Slotted Regen Watt Construction ol Copper 
NonimlaiP Mogiofi 

• 6:1 lo 160:f Downstream 

• I V^gen Cooled Vvconnel Tube RnmUor, 

Exit Nozzle Extension 

• 150: llo Exit 

• nadtatkKi Cooled CattootvCaibon 

Conservative. High Performance Design. 
Common In Ihe Propulsion CommunNy 
Based on the SSME and Stale-gf-the-Art 
Rocket PropuWon Technology Base 
Based on SSME 

Hdfiod on SSMF 

Uses Slale-oHhe Alt Rocket Propulsion 
Materials Technology Base 

Miscellaneous Hardware 
- Propetart Hues 

• Velvet 

■ Electronic 5/ tnstiumentaHortfProcessors 

Stole ot the Art technologies Employed 
Reduced Welgtrt. Sire, and Increased 
1 Capacity 
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EXTENSIVE NESS PROGRAM VERIFICATION 
CONDUCTED IN PARALELL AS THE 
ENABLER NTP DATABASE DEVELOPED 


ENABLER I 
DA'IABASE 


SAIC NIT-ELES EARLY PROIOIYRF 
VERSION OF NESS) 

- Primarily Focused of Anclior/Vcrification 
ol Non- Nuclear Components and 
Performance 

E5gE2BlgSEEgBgg5£ 3£ SSS I S IS S3S5S3Bg3SS5B 
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ENABLER II 
DA1ABASE 


NESS 


Primary Focused on Anclior/Verification 
Reactor System and Engine Integration 
Features 


INITIAL ENGINE COMPONENT WEIGHT COMPARISON* 
- 75,000 lbf NTP ENGINE CASE - 


Parameter 

NERVA 

Rockotdyne 

SAIC 

ELES-NTP 

Adjustment s/C ommenls 

Chamber Temperature 
(°K) 

2500 

2700 

2700 

— 

Chamber Pressures 
(psia) 

450 

1000 

1000 

— 

Area Ratio 

100 

500 

500 

— 

Specific Impulse • Vac 
(sec) 

mi 

923 

HI 

■ 

Reactor (kg) 


5024 

5823 

— 

Internal SMetd (kg) 

1583 

— 

1523 

— 

Nozzle Assembly (kg) 

1051 

440 

421 

• ELES NTP Value Increased by 5% 
Rocketdyne Weight Considered a 
Good Baseline 

Turbopump Assembly 

to) 

243 

304 

104 

* ELES NTP Value Increased by 30% 
Rocketdyne Considered 
Conservative lor SO A Designs 

Nonnuclear Support 
Hardware (kg) 

- Lines. Values, 
Actuators, 

Instrumentation Thrust 
Structure 

2425 

1015 

1264 

• ELES NTP Value Increased by 40% 
Rocketdyne Wolght Considered a 
Good Baseline - Scaled From 
Previous Design Work 


# Rocketdyne uses their Mark-25 type axial lurbopump {4 stages); 
ELES-NTP used a single-stage centriluqnl pump. 
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INITIAL ENGINE COMPONENT WIEGHT COMPARISON* 
- 75,000 Ibf NTP ENGINE CASE - 


Parameter 

NERVA 

nocketdyne 

SA1C 

ELES-NTP 

Adjustments/Comments 

Chamber Temperature 
(°K) 

2500 

2700 

2700 


Chamber Pressures 
tpsla) 

450 

1000 

1000 


Area Ratio 

100 

500 

500 

— 

Specific Impulse - Vac 
(sec) 

850 

923 

922 8 


Reactor (kg) 

5890 

5824 

5023 

— 

Internal Shield (kg) 

1503 

— 

1523 

— 

Nozzle Assembly (kg) 

1051 

440 

421 

• ELES NIP Value Increased by 5% 
Rocketdyne Weight Considered a 
Good Baseline 

lurbopump Assembly 

(kg) 

243 

304 

104 

• ELES NTP Value Increased by 30% 
Rocketdyne Considered 
Conservative for SOA Designs 

Nonnuclear Support 
Hardware (kg) 

- Lines, Values, 
Actuators, 

Instrumentation thrust 
Structure 

2425 

1815 

1264 

• ELES NIP Value Increased by 40% 
- Rocketdyne Weight Considered a 
Good Baseline - Scaled From 
Previous Design Work 


* Rocket dyne uses their Mark-25 type axial turbopump (4 stages); 
FLES-NTP used a single stage centrifugal pump. 



INITIAL ENGINE CYCLE PARAMETER COMPARISON* 

- 75,000 lbf NTP ENGINE CASE - 


Parameter 

Rocketdyne 

SAIC - ELES 
NTP 

Pump Flowrate (Kg/s) 

36.7 

36.9 

Pump Discharge Pres, (psia) 

1544 

153B.3 

Turbine Flowrate, % Pump 

50 

50 

Turbine Inlet Temp. (°K) 

555.6 

555.3 

Turbine Inlet Pres, (psia) 

1412 

1416.8 

Turbine Pressure Ratio 

1.25 

1.295 

Reactor Inlet Pres, (psia) 

1130 

1255.4 

Reactor Power, (MW) 

1645 

— 

Reactor Core Flowrate (kg/s) 

36.7 

36.9 

Nozzle Chamber Temp (°K) 

2700 

2700 

Nozzle Chamber Pres, (psia) 

1000 

1000 

Nozzle Exit Diameter (m) 

4.15 

4.15 

Nozzle Expansion natio 

500 

500 

Specific Impulse-Vac (sec) 

923 

922.8 

Pump Speed (rpm) 

37,500 

34,913 


* Rocketdyne uses their Mark 25-type axial turbopump (4 stages); 
ELES-NTP used a single-stage centrifugal pump. 
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INITIAL ENGINE CYCL E PARAMETER COMPARISON* 
- 75,000 Ibf NTP ENGINE CASE - 


Parameter 

Rocketdyne 

SAIC - ELES 
NTI* 

Pump Flowrate (kg/s) 

367 

30.9 

Pump Discharge Pres, (psia) 

1544 

1538.3 

Turbine Flowrate, % Pump 

50 

50 

Turbine Inlet Temp. (”K) 

555.6 

555.3 

Turbine Inlet Pres, (psia) 

1412 

1416.0 

Turbine Pressure Ratio 

1.25 

1.295 

Reactor Inlet Pres, (psia) 

1130 

1255.4 

Reactor Power, (MW) 

1645 

— 

Reactor Core Flowrate (kg/s) 

36.7 

36.9 

Nozzle Chamber Temp (°K) 

2700 

2700 

Nozzle Chamber Pres, (psia) 

1000 

1000 

Nozzle Exit Diameter (m) 

4.15 

4.15 

Nozzle Expansion Ratio 

500 

1 500 

Specific Impulse-Vnc (sec) 

923 

922.8 

Pump Speed (rpm) 

| 37,500 

! 34,913 


* Rocketdyne uses their Mark 25-type axial turbopump (4 stages); 
ELES NTP used a single stage centrifugal pump. 
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CYCLE PARAMETER COMPARISON* \ 

- 75,000 lbf ENABLER I, EXPANDER CYCLE - 


Parameter 

Rockrtdjnt 

SAIC • ELES 
NTP 

SAIC NESS 

Total Flowrate (kg/s) 

36.7 

36.9 

37.27 

Pump Discharge Pres, (psia) 

1.544 

1,538.3 

2,298.3 

Turbine Flowrate, % Pump 

50 

50 

50 

Turbine Inlet Temp. (°K) 

555.6 

555.3 

622.3 

t urbine Inlet Pres, (psia) 

1,412 

1,416.8 

1,969.0 

Turbine Pressure Ratio 

1.25 

1.295 

1.739 

Reactor Intel Pres, (psia) 

1,130 

1.255.4 

1,132.1 

Reactor Power, (MW) 

1.645 

- 

1,587 

Reactor Coro Flowrate (kg )%) 

367 

36.9 

36.2 

Nozzle CI»aml)cr Temp CK) 

2*700 

2,700 

2,700 

Nozzle Chamber Pres, (psia) 

1. ooo 

1.000 

1,000 

Nozzle Exit Diameter (m) 

4.15 

1 4.15 

1 4.22 

Nozzle Expansion Ratio 

500 

500 

500 

Specific hnpulsc-Vac (soc) 

923 

922.8 

912.9 

Pump Speed (rpm) 

37,500 

34,913 1 

40,583 


• Rocketdyne uses their Mark 25 type axial Uubopump (4 stages); SAIC ELES-NIP used a 
single-stage centrifugal pump; SAIC NESS, Sample Case No, 8, uses a 5-stage axial pump. 
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CYCLE PARAMETER COMPARISON* 

- 75,000 Ibf ENABLER 1, EXPANDER CYCLE - 


Parameter 

Rocketdjne 

SAIC 

ELES-NTP 

SAIC NESS 

Specific Impulse - Vac (sec) 

923 

922.8 

912.9 

Reactor (kg) 

5,824 

5,823 

4,783 

Internal Shield (kg) 

— 

1,523 

1,108 

Nozzle Assembly (kg) 

44U 

421 

535 

Turbopump Assembly (kg) 

304 

104 

221 

Nonnuclear Support llaidware (kg) 

- Lines, Values, Actuators, Instrumen- 
tation Thrust Structure 

1,815 

1,264 

1,493 


* Rucbetdyite uses Kbcir Mark 25 type axial Uirbupuinp (4 stages); SA1C ELHS-NTP used a 
single-stage centrifugal pump; SAIC NESS, Sample Case No. 8, uses a 5-sUge axial pump. 
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EXTENSIVE ENABLER I AND II ENGINE SYSTEM DESIGN 
DATABASE HAS BEEN DEVELOPED 


Database Covers A large Engine Design/ 

Operating Parnmenters 

- FuelTypc/Chambcr 'temperature 

- Thrust level 

- Chamber Pressure 

- Nozzle Area Ratio 

Top-level Design Scaling Trends Produced for the ENABLER 1 Engine 
System 

- Little Design Trend Analysis Conducted to Date 
on the Eanblcr 11 Database 

All Engine Summary Design Data is Cataloged and is Available 
Through NASA Lewis 
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ENABLER ENGINE SYSTEM DESIGN 
TRADE SPACE ANALYZED 


Fuel Type/ Chamber 
letnperaturc (oK) 

Thrust (IbD 

Chamber Pressure 
(psia) 

Nozzle Area 
Ratio 

Graphitc/2500 

1 5,000 

500 

200:1 

Composite/2700 

40,000 

750 

500:1 

Carbide/3100 

75,000 

1 .000 



125,000 

1.500 



200,000 

2,000 



250,000 
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REACTOR PRESSURE VESSEL DIMENSIONS AS A 
FUNCTION OF POWER AND CHAMBER PRESSURE 





NTP ENGINE WEIGHT AS A FUNCTION OF THRUST, 
CHAMBER PRESSURE, AND AREA RATIO 
- Graphite Fuel, Chamber Temperature - 2500 K - 


30000 | 


20000 

TOTAL 
ENGINE 
WEIGHT 15000 

(kg) 

10000 

5000 



1 5 ! 1 1 

SYMBOL 

CHAMBER 

PRESSURE 

Ipaia) 

AREA 

RATIO 


500 

500 

•O- 

1000 

500 


500 

200 

0- 

1000 

200 


50000 100000 150000 200000 250000 

THRUST (Ibf) 


Sconce Appllcitloi ti 
tntornstlonfl Corpora Ion, 


% 


fmfltftt |) mi ( C 


NTP ENGINE WEIGHT AS A FUNCTION OF THRUST, 
CHAMBER PRESSURE, AND AREA RATIO 
- Composite Fuel, Chamber Temperature - 2700 K - 



1 KEY I 

SYMBOL 

CHAMBER 

PRESSURE 

(psia) 

AREA 

RATIO 


500 

500 

-a- 

1000 

500 

*♦“ 

500 

200 

-0- 

1000 

200 
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NTP ENGINE WEIGHT AS A FUNCTION OF THRUST, 
CHAMBER PRESSURE, AND AREA RATIO 
- Carbide Fuel, Chamber Temperature - 3100 K - 



1 «EV 1 

SYMBOL 

CHAMBER 

PRESSURE 

(psta) 

AREA 

RATIO 


500 

500 

T3- 

1000 

500 


500 

200 


1000 

200 



NTP ENGINE SYSTEM AS A FUNCTION OF THRUST, 
- Graphite and Composite Fuel Engines - 


rorAL 

mm 

UENQIH 15 

|m) 



100000 I 50000 

THRUST (Ibl) 
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DIMENSION 

SYMBOL 

CHAMBER 

PRESSURE 

(pats) 

AREA 

RAIIO 

Langtb 

A 

500 

500 


A 

f.OQO 


k 

800 



*■ 

1,000 

200 

Diameter 

» 

500 

500 

O- 

J.000 


♦ 

.... 

1,000 

200 


A 
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NTP ENGINE SYSTEM AS A FUNCTION OF THRUST, 
- Carbide Fuel Engines - 



. KEY 1 

DIMENSION 

SYMBOt 

CHAMBER 

PRESSURE 

(p»ia) 

AREA 

RATIO 

1 ongJh 

A 

500 



4k 

1.000 

500 


X- 

BOO 





200 

Dismal* 



» 

500 




1,000 

500 


♦ 

500 



❖ 

1.000 

200 
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NTP ENGINE SUBSYSTEM WEIGHT 
BREAKDOWN AS A FUNCTION OF THRUST, 

- Composite Fuel, T. = 2700 K, P c - lOOOpsia, e = 500:1 - 



0 50000 100000 150000 200000 250000 

THRUST (Ibl) 
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NTP ENGINE SUBSYSTEM PERCENT WEIGHT 
DISTRIBUTION FOR WO THRUST LEVELS 
- Composite Fuel, T t = 2700 K, P c = 1000 psia, £ = 500:1 



NUCLfcAII NON NUCl CAII NOZZLE lUfUIOFUMI' 

r.tmsYSirM suiToni assembiy 

HARDWARE 


1 M 1 


ENGINE 

ENGINE 

SYMBOL 

THRUST 

WEIGH? 


m 

(^) 

■ 

75.000 

B.R1R 

ra 

250.000 

22.410 



BASELINE NTP ENGINE DESCRIPTION* 

- 75,000 LBF THRUST, EXPANDER CYCLE, COMPOSITE FUEL, 
T = 2700 K, P = lOOOpsia, E = 500:1 - 


Component 

Features 


Number 

Reactor 

• Reaclor r Internal Shield Weigh! 

• Fuel Typo Composite 

• Case Malorial Afcinrfriim 

• Reactor Diameter 

• Reactor Length 

• Fuel Mass ? low Rain 

• Reactor Exlt/Nozzle Entrance 
* Exit Chain! wr Pressure 

- Ternperatuie 

6576 kg (14.500 torn)* 
V 

1 32 m (52 In) 

2.59 m (102 In) 

36 9 kg/s (61 3 Ibm/s) 

6695 kPa < 1000 psia) 
2,700 K (4,06O"R) 

1 

Nozzle 

• Nozzle Weighl 

• Nozzle Malonal 

* Stalled Rcgon Wa» ConBlmctton ol 
Copper to Area Hallo ol 6:1 
- Innonei Tube Bundles to Area Ratio of 150; f 

• Extension Material - Cartoon 

• Roger*) ralive'y Cooled by Propotlant to an 
Area Raliool 150 t 

• Nozzle Length 

• Throal Diameter 

• Exit Dlamelrr 

• Aina Hallo 

• Delivered Vacuum Isp 

• Delivered thrust 

442 kg (975 tom) 

V 

823 cm (324 In) 

18.0 cm (7 4 In) 

415 6 cm (1637 in) 

500:1 

9043 N x secitg (923 sec) 
333,8 KN (75,000 tol) 

1 

Main Pump Turbine 

• turbine Weight 

• Malert.il MAR M24G 

• No ol Full Admission turbine Stages 

• Flllctoncy 

• hflfPtilMi HllHn 

• Diameter 

• lurbino Spend 

15 9 kg (35 bm) 
V 

2 

0 70 

LPP5 

16 0 au (b e in) 
39,028 rpm 

2 


| * 1 plat Conyonent Weight - 1 yptcal 

: - r -_ : "" " _ 4i I fmUtftt 0a«»* CtmpHf 
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BASELINE N I P ENGINE DESCRIPTION* 

- 75,000 LBF THRUST, EXPANDER CYCLE, COMPOSITE FUEL, 
T = 2700 K, P c = 1 OOOpsia, e = 500:1 - 
(CONT.) 


Component 

Features 

Number 

Main Fuel Pump 

* Main Pump Woight 

44.6 kg (98 4 bm) 

2 


• Material Incnrmel 

V 



■ Single Stage Centritugal Pump 

V 



• Pressure Hlse 

10.260 KPa(H88 psla) 



• Pump Speed 

39,028 rpm 



* Purrp Diameter 

25.7 cm (101 In) 



* Pump EHidency 

0.715 



* Pump 1 torsepower 

8143 HP 


Mtac. Hardware 

• Ihrusl Mount 

737 kg (1624 bmj 

1 

Weights 

• Thrust Support Hardware 

573 kg (1263 bm) 

1 


■ Engtare Lines 

91.9 kg {202.7 bm) 

2 


• MainValye 

182 6 kg (402.6 bm) 

4 


• TPA Ignition 

15 7 kg (34 7 bm) 

2 


• Global Sysiom 

34.9 kg (76.9 bm) 

1 

Subtotal 

• total Nonnuclear Wetglit 

2196 kg (4643 bm) 



( 1 PA + Mi sc. 1 lardware * Noixlo) 
• Margin (2%) 

44 kg (98 9 bm) 


Total Engine System 


6816 kg (19.440 bm) 



• Total Component Weight - Typical 
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BASELINE N I L ENGINE CYCLE, OPERATING PARAMETERS 
- 75,000 Ibf Thrust, Expander Cycle, Composite Fuel, 

T - 2700 K, P = 1 OOOpsia, C = 500:1 - 


ivFMtet* c«tu 

IMHII II 

UNNnnJUt ruMts 
itMii mu - 

CMMt* MUW»I - 

OUMII MVUtIUH - 

mini 1111 »*'I0 - 

MMI> w mo uoi - 
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NTP ENGINE 1 HRUST-TO-WEIGHT RATIO 
AS A FUNCTION OF THRUST 

-f = 500:1 - 
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